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157] ABSTRACT

A novel carboxyl group-containing siloxane compound,
whether its molecular weight is low or high, having a
superior heat stability, and useful as emulsifying agent,
surface modifier for inorganic materials, etc. 1s pro-
vided, which compound is expressed by the general
formula '

P
R SiO SiO Si—R
I I |
R R? Rl
| ! m

wherein R represents an alkyl group of 1 to 4 carbon
atoms; R! represents R or R2; R? represents
CH,CH,CH—¢OCH>;CH2»)7COOH; n is an integer of 1
or more; | is an integer of 0 or more; m is an integer of -
0 or more; 1+m is an integer of 1 or more; and R! repre-
sents R2 in the case of m=0.

5 Claims, No Drawings
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| CARBOXYL GROUP-CONTAINING SILOXANE
COMPOUND

BACKGROUND OF THE INVENTION

This invention relates to a carboxyl group-containing

siloxane compound.

In general, carboxyl group-containing siloxane com-
pounds are useful for a number of use applications

~ where e.g. organosiloxane compounds soluble in water
~ or alcohols are desired. The above carboxyl group-con-
taining siloxane compounds are useful e.g. as an emulsi-
fying agent for forming usual aqueous emulsions of
. organosiloxane polymers or in their applications upon
e.g. alcohol-based cosmetics. Further, as to the com-
pounds it is possible to expect their strong adhesion
~ onto inorganic materials and modify the surface of the
materials to impart to the surface, functions such as
water repellency, stain resistance, non-adhesive proper-
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wherein R reprosents an alkyl group of 1 to 4 carbon
atoms; R! represents R or R2; R? represents

CH,CH>CH;-OCH>2CH2»)7COOH; n is an integer of 1
or more; 1 is an integer of 0 or more; m is an integer of

@

0 or more; 1+m is an integer of 1 or more; and R! repre-
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ties, heat resistance, abrasion resistance, etc. For exam-
ple, as disclosed in Japanese patent application laid- -

open Nos. Sho 53-10882/1978 or Sho 57-10145/1982,
‘the compounds have been used as an ink-repelling mate-
rial for litho printing. As described above, carboxyl
group-containing siloxane compounds are useful as an
emulsifying agent or a surface modifier for morgamc
matenals |

- The state where carboxyl group 1s bonded in conven-
tional carboxyl group-containing siloxane compounds is
expressed by the. general formula

l
—Si<-CH3¥%COOH

‘wherein s is an integer of 2 to 4, as described in Japanese

patent publication Nos. Sho 40-20279/1965, Sho
41-236/1966, Sho 42-6519/1967, Sho 49-4840/1974, etc.
The present inventors, however, have found that such
conventional carboxyl group-containing siloxane com-
pounds are stable to heat in the case where they have a
number average molecular weight (Mn) greater than
1,000, but they are decomposed by heat in the case of

- Mn of 1,000 or less, and have made intensive research
~ on a manner of having carboxyl group bonded to Si

atom. As a result we have found that when a polyoxy-

ethylene chain is bonded by the medium of a bifunc-

tional molecule, the above compounds are stable to heat
even in the case of low molecular weight.

- As seen from the foregoing, the object of the present

invention is to provide a carboxyl group-containing

siloxane compound, whether its molecular weight is

low or high, having a superior heat stability, and useful

as emulsifying agent, surface modifier for inorganic
materials, etc. | |

SUMMARY OF THE INVENTION

~ The present invention resides in a carboxyl group-
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sents R2 in the case of m=0.

DETAILED DESCRIPTION OF THE
INVENTION

In the above general formula, n has no particular
upper limit and may be e.g. several thousands or several
ten thousands. m and 1 also each have no particular
upper limit and may be e.g. several millions or several
ten millions.

For example, a compound (IT) shown below causes a

ring closure reaction at about 150° C. to thereby decom-

pose into a substance having an unknown structure,
whereas a compound (III) shown below having one

oxyethylene group added to the compound (II) is stable
enough to effect distillation under 150° C./1 mmHg.

[
Me3SiOSiCH,CH2CH2COOH

|
Me

(i)

Me

|
Me3Si0OSiCH,CH,CH,OCH>CH2COOH

|
Me

(I1I)

(wherein Me represents methyl group; hereinafter it has
the same meaning).

The carboxyl group-containing compound of the
present invention may be prepared by subjecting an
ester compound (IV) shown below and a Si-H-contain-
ing siloxane compound to hydrosilylation followed by
subjecting the resulting ester to hydrolysis reaction:

| CH2=CHCH2-(OCchHmCOOR3- av)
wherein R3 may be e.g. Me (IVa), Et (this Symbol repre-
sents ethyl group; hereinafter it has the same meaning)
(IVb) or SiMes (IVc). The ester compound in the case
of n=1 (IVa,IVb) can be easily obtained by subjectmg

~allyl alcohol to addition reaction to acrylonitrile in the

33

presence of a basic catalyst (see Ind. Eng. Chem., 44,

2867 (1952)), followed by subjecting the nitrile group of
the resulting product to alcoholysis. When methanol is
used as a solvent in the alcoholysis, the methyl ester
(IVa) can be obtained, while when ethanol is used, the
ethyl ester (IVb) can be obtained (see Org. Synth,, 1,
270 (1941)). Further, when the ester compounds ob-

~ tained by the above reactions are further hydrolyzed in

the presence of a basic catalyst to obtain the corre-
sponding carboxylic acid, followed by reacting this acid

- with hexamethyldisilazane, it is possible to obtain the

65

containing siloxane compound expressed by the general -

 formula (I)

above trimethylsilyl ester compound (IVc) (see J. Org.
Chem., 40, 1610 (1975)).

Further in the above ester compound (IV), those of
n=2 or more can be prepared by similarly carrying out
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the above reaction using in place of allyl alcohol, the
following compound (V) shown below, prepared by
subjecting a necessary number of mols of ethylene oxide
to addition reaction to allyl alcohol:

CH;=CHCH,—0CH,CH>),,OH V)

Next, a concrete example of the carboxyl group-con-

taining siloxane compound of the present invention is as
follows: |

Me Me

|
Me3SiO-¢SiO¥ Si——CH2CH2CH20CH2CH2COOH

| |
Me Me

(V)

wherein r represents an integer of O or more.

The above compound (V) is readily obtained with a
good yield, by subjecting a readily commercially avail-
able siloxane compound containing H atom at its one
end, in the case of r=0, or a siloxane compound con-
taining H atom at its one end obtained by reacting lith-
ium trimethylsilanolate with hexamethylcyclotrisilox-
ane (see Polym. Preprints 10 (2), 1361 (1969)), in the
case of r2 1, to addition reaction to the above trimethyi-
silyl ester compound (IVc) in the presence of a catalyst
for addition reaction, preferably in N» gas atmosphere,
followed by subjecting the resulting product to detrime-
thylsilylation with an alcohol.

As to the above siloxane compound containing H
atom at its one end, it is possibie to optionally prepare a
siloxane compound having a controlled molecular
weight and molecular weight distribution, as far as its
average molecular weight is about 10,000 or lower. As
to the reaction mol ratio of the siloxane compound
having H atom at its one end to the trimethylsilyl ester
compound (IVc), it is suitable to use the ester com-
pound (IV<¢) in at least an equimolecular quantity to that
of the siloxane compound, preferably in 1.2 times one
mol of the latter. The reaction temperature 1s suitable to
be in the range of 40° to 200° C., preferably 80° to 130°
C. As for the above catalyst for addition reaction, com-
plex compounds of metal elements belonging to group 8
of the Periodic Table may be exemplified, which 1n-
clude e.g. platinum compounds, rhodium compounds or
paladium compounds such as known alcohol com-
pounds, aldehyde compounds or the like of chlioropla-
tinic acid, complexes of chloroplatinic acid with various
olefins, etc.

The above alcohol used for detrimethylsilylation is
preferably methanol or ethanol. The foliowing carboxyl
group-containing siloxane compounds (VII) and (VIII)
can be easily prepared by similarly reacting the corre-
sponding SiH-containing compound with the trimethyl-
silyl ester (IVc).

Ilde Itde Iide (VII)
HOOCCHZCHZO(CHz)gsli()“f—?iO-),— Sli(CH3)3OCH2CH2COOH
Me Me Me

wherein t represents an integer of O or more.
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1}.4e lide (VIII)
Me-(-SIiO};—(—SIiO-),-HSiME_v,

Me (CHj)30CH,CH,COOH

(In case of this example m represents an integer of 1 or
more.)

The compound of the present invention is useful for
various use applications, for example as an emulsifying
agent for forming aqueous emulsions of usual organosi-
loxane polymers, as an ingredient for alcohol-based
cosmetics, or as a surface modifier for imparting to the
surface of inorganic materials, functions such as water
repellency, stain resistance, non-adhesive properties,
heat resistance, abrasion resistance, etc.

The present invention will be described in more detail
by way of the following Examples, but 1t should not be
construed to be limited thereto.

REFERENCE EXAMPLE

(1) Allyl alcohol (150 g, 2.58 mols) and an ion ex-
change resin (IRA-400, trade name of a strongly basic
anion exchange resin made by Rohm & Haas Company,
U.S.A.) (25 g) were fed into a flask in N3 current and the
temperature was kept at 45° C., followed by dropwise
adding acrylonitrile (125 g, 2.35 mols) over about 1 to 2
hours, thereafter agitating the mixture at 45° C. for
about 8 to 9 hours, filtering off the resin and carrying
out vacuum distrillation to obtain cyanoethyl allyl ether
(196 g, 93° ~96° C./20 mmHg). Yield: 75%.

(2) Ethanol (350 ml), water (34.4 ml) and conc. sulfu-
ric acid (200 ml) were fed into a flask, followed by
dropwise adding cyanoethyl allyl ether (222 g, 2 mols)
at room temperature over 30 minutes, thereafter agitat-
ing the mixture at a reaction temperature of 100" ~110°
C. for about 7 hours, pouring the reaction fluid into
water, extracting it with isopropyl ether, washing the
extract solution with 5% NaHCO3 aqueous solution till
the extract solution became neutral, drymg over
MgSQ4, and subjecting the extract solution to vacuum
distillation to obtain 2-allyloxypropionic acid ethyl ester
(147.2 g, 94° C./18 mmHg). Yield: 46%.

(3) 2-Allyloxypropionic acid ethyl ester (147.2 g, 0.93
mol), water (300 ml) and NaOH (44.7 g) were fed mto
a flask, followed by agitating the mixture for about 5 to
6 hours while the reaction temperature was kept at
about 60° C., thereafter dropwise adding conc. hydro-
chloric acid (90 ml) under ice cooling, extracting the
resulting deposited oily substance with isopropyl ether,
drying over MgSQ4 and carrying out vacuum distilla-
tion to obtain 2-allyloxypropionic acid (95.7 g, 108"
C./5 mmHg). Yield: 79%.

The thus obtained 2-allyloxypropionic acid (170.2 g,
1.31 mol) was fed into a flask, followed by dropwise
adding hexamethyldisiloxane (128.8 g, 0.8 mol) in N>
current at room temperature over one hour, thereafter
raising the reaction temperature to 80° C., then agitating
the mixture for about 3 hours, and carrying out vacuum

distillation to obtain 2-allyloxypropionic acid trimethyl-
silyl ester (IVc) (231.4 g). Yield: 87.5%.

EXAMPLE 1

2-Allyloxypropionic acid trimethylsilyl ester (65.5 g,
0.32 mol) obtained in the above Reference example, and
a solution of chloroplatinic acid in 1sopropanol (0.042
mol; chloroplatinic acid 1 g/20 ml) were fed into a flask
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in N, current, followed by raising the temperature to
100° C., thereafter dropwise adding pentamethyldisiiox-
ane (40 g, 0.27 mol) with stirring over 30 minutes, then
further carrying out reaction at 100° C. for 2 hours, and
subjecting the resulting reaction mixture solution to
~ vacuum distillation to obtain a colorless, transparent
~ liquid having a b.p. of 120° C./1 mmHg (77.9 g, yield
82.4%). This product was confirmed to be a silicon
compound having the following structural formula,
from the following analytical results:

Me

Mc—-S|i0—-?i—(CHz)Q,OCHgCHgCOO—Sli—Me
- Me Me | Me |
H—NMR(C;Hy): & 006 (Si—CHs, s, 15H);

0.3(—CO,SiMes, s, 9H); 0.56(—CH—Si, m, 2H);
1.56(—CH2—, m, 2H); 2.5(—CH,—, t, 2H, J=6 Hz);
3.3(—CHy—, t, 2H, J=6 Hz); 3.6(—CH>~—, t, 2H, J=6
Hz).

IR(KBr): vmax 2960cm—1(C—H); 1740cm—1(C=0);
1120~ 1050cm—1(Si—O0). | -
- MSm/e: 3500M+).
Next, the thus obtained compound (77.9 g, 0.23 mol)
“and methanol (100 ml) were fed into a flask, followed by

 agitating the mixture at room temperature for about
. 2~3hours and subjecting the resulting reaction flmd to
" vacuum distillation to obtain a colorless, transparent
" liquid having a b.p. of 150° C./1 mmHg (61 g, yield:

quantitative). This product was confirmed to be an

" oxyethylenecarboxylic acid-modified compound hav-

ing the following structural formula, from the following
analytical results. | |
| blcic 1}4& |
Me—SIIO'-S'I—(CH2)3OCH20H2COOH
| Me Me |
~ H—NMR(CCl): & O006(Si—CH;, s, 1SH);
 0.56(—CH,—Si, m, 2H); 1.6(—CHz—, m, 2H);

 2.5(—CHjy—, t, 2H, =6 Hz); 3.3(—CHz—, t, 2H, J=6
- Hz); 3. 6(—CH2—-— t, 2H, J=6 Hz), 11.6(—CO2H, s,
- 1H).

| IR(KBr) vmax 3050(COzH); 2960cm—! (C—H);
1740cm—1 (C=0); 1120~ 1050cm—! (Si—O0).

- MSm/e: 278(M+).

15
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© 2.5(—CHy—
Hz); 3.3(—CHa—, t, 2H, J=6 Hz).

T
HOOCCH:CH;O(CH2)3-¢ 8i0% 8i—(CH);0CH,CHZCO0H
| | -~ 'Me Me

Me

IR(KBR) vmax 3100(CO;H); 3000~2950(C—H);
1740(C=0); 1125 ~1060(S1—0).
zC)_arboxyllc acid equivalent: 672 (theoretical value
67 |

Mn: 1344 (calculated from carboxylic acid equiva-
lent) Side chain signals were confirmed according to |
H-NMR:

& 0.56(—CH>—Si, m, 2H); 1.6(—CHz—, m, 2H);
, t, 2H, J=6 Hz); 3.3(—CH>—, t, 2H, J=6

_ EXAMPLE 3
Reaction was carried out in the same manner as in

- Example 2 except that the above siloxane polymer con-
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taining H atom at both the ends thereof was replaced by
a siloxane polymer containing pendant type H atom
(41.9 g, Mn 5300, H equivalent 252) to obtain a color-
less, transparent hquld (61.6 g). This product was con-
firmed to be an oxyethylenecarboxylic acid-modified
silicone having the following stmctural formula, from
the following analytlcal results:

SlO 810 . -
| (CH2)30CH2CH2COOH

3000 ~2950(C—H);

m .

IR(KBr): vmax 3110(CO2H);

1740(C=0); 1125 ~ 1050(Si—O0).

Carboxylic acid equivalent: 390 (theoretical value
382).

Mn: ~ 7300 (calculated from GPC)

1: ~55, m:=~20 (calculated from GPC, H equivalent
and infrared absorption spectra)..
- Side chain signals were confirmed accordmg to H-
NMR:

8 0.56 (—CH;—Si, m, 2H); 1.6 (—CHj3—, m, 2H); 2.5
(~—CHz—, t, 2H, J=6 Hz); 3.3 (——-CHz—— t, 2H, J=6

" Hz); 33 (—CHp—, t, 2H, J= 6 Hz),

45

30

This product was stable without causing any ring

closure reaction in the vicinity of 150° C.

- EXAMPLE 2

~ 2-Allyloxypropionic acid trimethylsilyl ester (40.2 g,
0.2 mol) was reacted with a siloxane polymer contain-
ing H atom at both the ends thereof (Mn 1,100, H equiv-
~ alent 547) in the same manner as in Example 1, followed

'by distilling off unreacted raw materials and a low boil-
" ing substance from the reaction mixture fluid under a

55

What we claim i1s:
1. A carboxyl group-containing siloxane compound |

“expressed by the general formula

R

flto4carbon

wherein R represents an alkyl grou
- R2 represents

atoms; R! represents R or

- CHgCHzCHz—(-OCHzCHz);,COOH n is an mteger of 1

reduced pressure (150° C./1 mmHg) for 2 hours, and

washing the residual fluid with water till the residual
fluid became neutral to obtain a colorless, transparent
‘liquid (111.6 g). This product was confirmed to be an
oxyethylenecarboxylic acid-modified silicone having
the following structural formula, from the following
analytical results:

65

to several ten thousands, 1is an integer of from 0 to 134;

‘m is an integer of from 0 to 20; I +m is an integer of from

1 to 134; and R! represents R2 when m=0.

2. A compound according to claim 1 whereinsatdnis
an integer of 1 to 10,000.

3. A compound according to claim 1 wherein said n is
an integer of 1 to 1,000.

4. A compound accordmg to claim 1 having a number
average molecular weight of 7,800 or lgss.

5. A compound according 1o clmm 1 having a number

~ average molecular weight of 1,000 or less.

*x %X X% * ¥
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